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In Korea, the classification of the Sitophilus weevil group occurring in stored grains has been confused,
resulting in its misidentification in most references reporting Sitophilus oryzae (Linnaeus). However, we
recently found and identified rice weevil (S. oryzae) populations in stored rice grains in the rice pro-
cessing complex in South Korea. Here, we report the distribution of rice weevil in South Korea and
summarize morphological and molecular characteristics, as well as provide a pictorial identification key

for Sitophilus weevils occurring in stored grains.
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Introduction

Sitophilus weevils, including the rice weevil (S. oryzae (Lin-
naeus)), maize weevil (S. zeamais Motschulsky), and granary weevil
(S. granarius (Linnaeus)), are well-known insect pests of stored
grains worldwide. These weevils have a nearly cosmopolitan dis-
tribution, occurring throughout all warm and tropical parts of the
world (CABI 2015). Generally, a female adult Sitophilus weevil bores
a hole in a cereal grain, lays an egg, usually one egg per individual
grain, and then seals the hole with a waxy secretion. Upon hatching,
the larva develops while feeding inside the grain, then pupates. It
usually leaves the grain completely hollow when it exits as an adult
(Longstaff 1981).

The taxonomy of the Sitophilus group has been confused until
now (CABI 2015). After first being described by Linnaeus in 1763 as
Curculio oryza, many researchers subsequently recognized that two
distinct forms of the species existed, which were described as
“large” and “small” forms. In 1855, Motschulsky recognized the
large form as a distinct species and named it Sitophilus zeamais. In
1928 and 1931, Takahashi complicated matters by raising the small
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form to a specific status as Calandra sasakii. Unfortunately, the size
difference between S. oryzae and S. zeamais is not consistent, so it is
not possible to be sure that references to the large and small forms
of Calandra oryzae refer to S. zeamais and S. oryzae, respectively
(CABI 2015; Morimoto 1961). Therefore, it is also possible that some
references to S. oryzae published in the 1960s and early 1970s were
actually referring to S. zeamais misidentified by use of old keys
(CABI 2015). Currently, the genus Sitophilus and its species may be
identified by using the keys of Gorham (1987).

In Korea, the classification of this group has also been confused.
Currently, two species, S. zeamais and S. oryzae, are recorded in
Korea; however, most references reporting S. oryzae have been
dealing with the misidentified species, S. zeamais (Cho et al 1988;
Hyun 1960; Hyun 1962; Hyun 1964; Hyun and Ryoo 1974; Kim
and Ryoo 1982; Ryoo and Cho 1988; Ryoo et al 1988; Ryoo and
Cho 1992; Yoo and Ryoo, 1989; Yoon et al 1997). Hong et al
(2001) also confirmed specimens preserved in the Insect Collec-
tion of Seoul National University and reported that S. oryzae was not
distributed in Korea.

We recently found and identified S. oryzae populations that
were collected from stored rice grains in the rice processing com-
plex (RPC) in Korea. Therefore, in this study, we report a distribu-
tion of rice weevil in South Korea and summarize morphological
characteristics and molecular data for identification of Sitophilus
weevils in stored grains in Korea.
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Materials and methods
Collecting specimens of Sitophilus weevils

We surveyed 52 RPCs throughout South Korea in 2015—2016 for
stored rice insect pests using corrugated cardboard traps
(30 x 30 cm) and by sampling rice grains. Two weevil pests,
S. zeamais and S. oryzae, were mainly collected during this period.

The specimens were deposited in the Insect Collection of Sunchon
National University.

Morphological characteristics for identifying Sitophilus weevils
The genus Sitophilus contains four major economic pests, the

granary weevil (S. granarius), tamarind weevil (S. linearis), rice
weevil (S. oryzae), and maize weevil (S. zeamais). Adult samples

B

Figure 1. Populations of Sitophilus zeamais (O) and S. oryzae (@) were confirmed at rice processing complexes of South Korea in this survey (2015—2016).
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Figure 2. Comparisons of length of the antennal funicle I and II for identification of
Sitophilus zeamais and S. oryzae described by Egorov and Zherikhin (1996). However,
this characteristic is not entirely reliable for their identification.

were identified using the following external morphological char-
acteristics: antennal scrobe, microsculptures of pronotum, length of
antennal funicle I and II, and lateral elevation of scutellum. However,
some of these external characters are not entirely reliable to
distinguish adults of S. oryzae and S. zeamais. Therefore, we also used
external genitalia characteristics for adults, as well as the epiphar-
yngeal rod and apical sensory organ on the labial palp of larvae for
identification of these two species. Many pictures of specimens
displayed in these figures were taken using a Leica DFC2900 digital
camera and stacked using the Leica Application Suite Program (LAS
Version 4.6.0; http://www.leica-microsystems.com).

Additionally, an identification key for four Sitophilus species
known as stored grain insect pests was also constructed based on
morphological characteristics. These specimens were collected
from Korea for the rice weevil (S. oryzae) and maize weevil
(S. zeamais) and intercepted at the Korean borders for the granary
weevil (S. granarius) and tamarind weevil (S. linearis).

Molecular identification of Sitophilus oryzae and S. zeamais

Genomic DNA was extracted from each specimen using a
DNeasy Blood & Tissue kit (Qiagen, Inc., Dusseldorf, Germany)
following the manufacturer’s protocols. Two primer sets were used
to amplify the COI gene, 5'-AGT TTG CTA ATT CGG GCA GA-3' and 5’-
ACT CCG GTT AAT CCT CCA AT-3’ for S. oryzae and 5'-GGG CTG AAT
TAG GGA ATC CT-3’ and 5'-CTC CTG TTA ATC CCC CGA TA-3' for
S. zeamais (Corréa et al 2013). The DNA fragments were amplified
using master mix (GoTag® Green Master Mix, Promega, Madison,

USA) in 25 pl reaction mixtures containing 2 pl of each primer,
12.5 p1 of master mix, 7.5 pul of distilled water, and 1 pl of genomic
DNA template. Polymerase chain reaction (PCR) was performed
using a thermal cycler (C1000 Touch™ Thermal cycler, BioRad,
USA) according to the following procedure: initial denaturation at
94°C for 5 min, followed by 35 cycles of denaturation at 94°C for
30s, annealing at 55°C for 45s and extension at 72°C for 1 min 30s,
and followed by final extension at 72°C for 10 min. The PCR prod-
ucts were subsequently visualized by electrophoresis on a 1.2%
agarose gel. A single band was observed and then purified using the
gel doc (U:Genius 3, Syngene, Frederick, USA) purification kit
(NucleoSpin Gel and PCR Clean-up, Macherey-Nagel, Germany).

Results
Distribution of rice weevil, Sitophilus oryzae, in South Korea

From 2015 to 2016, we surveyed 52 RPCs located throughout
South Korea using corrugated cardboard traps (30 x 30 cm) and by
sampling rice grains. Populations of S. zeamais were collected from
all RPCs surveyed, but a total of four populations of S. oryzae were
collected from Cheongju and Boeun at Chungcheongbuk-do, Gunsan
atJeollabuk-do and Jangseong at Jeollanam-do (Figure 1). These data
are the first to confirm S. oryzae populations within South Korea.

Morphological characters for identifying members of the Sitophilus
weevil group

This study confirmed that S. zeamais and S. oryzae are
distributed in Korea. S. zeamais is a major pest of stored grain,
especially maize and milled rice, in the tropics and subtropics
(Booth et al 1990; CABI 2015). This organism is very similar to
S. oryzae, and the two species may occur during the same infes-
tation (Booth et al 1990; CABI 2015). However, S. zeamais is
usually blacker, has fine microsculpture, is more shiny, and is
generally slightly larger than S. oryzae (Booth et al 1990). The
antennal funicle II of S. zeamais is also longer than antennal
funicle I (Egorov and Zherikhin 1996). Additionally, the scutellum
has lateral elevations further apart than their longitudinal length,
which is about half as long as the scutellum (Yoshida et al 1989).
However, these external characters are not entirely reliable and
dissection is usually required for specific identification (Figures 2
and 3; Booth et al 1990).

In this study, we found that these two species could be accu-
rately identified by observation of adults for specific characteristics
(Figure 4). Specifically, the median lobe of the aedeagus has two
longitudinal grooves dorsally, except in the apical quarter; thus, the

Sitophilus oryzae

Sitophilus zeamais

Figure 3. Comparisons of lateral elevation of scutellum for identification of Sitophilus zeamais and S. oryzae described by Yoshida et al (1989). However, this characteristic is not

entirely reliable for their identification.
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Figure 4. Aedeagus of male genitalia: A, Sitophilus oryzae; B, Sitophilus zeamais. Y-sclerite of female genitalia: C, Sitophilus oryzae; D, Sitophilus zeamais.
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Figure 5. Epipharyngeal rod of larva. A, Sitophilus oryzae; B, Sitophilus zeamais. Apical sensory organs on the labial palp of larva: C, Sitophilus oryzae; D, Sitophilus zeamais.

male genitalia of S. zeamais are sinuous in cross-section. However,
there is no longitudinal groove dorsally; therefore, the male geni-
talia are smoothly convex in cross-section for S. oryzae (Booth et al
1990; Zimmerman 1993). The lateral lobes of the Y-shaped sclerite
are pointed at the apex, and their separation is greater in female
genitalia of S. zeamais, but they are rounded at the apex and nar-
rower in female genitalia of S. oryzae (Booth et al 1990). Moreover,
in larva (Figure 5), the epipharyngeal rod is tapered toward the

apical portion, and there are more than five apical sensory organs
on the labial palp in S. zeamais, whereas the width and overall
length are the same, but there are less than five apical sensory
organs in S. oryzae (Gorham 1987).

Globally, Sitophilus also contains two other major economic
pests. S. granarius is primarily a pest of wheat and barley stored
under temperate conditions; while in tropical regions, it is limited
to cooler, upland areas. S. granarius has rather elongate punctures
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Query 1. Has antennal scrobe been connected to compound eye?

Yes

No
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Query 2. What is the shape of punctures on pronotum?
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Sitophilus linearis
Tamarind weevil

¥ Intercepted at the
Korean border

Sitophilus granarius
Granary weevil
¥ Intercepted at the
Korean border

1mm

1mm

Sitophilus oryzae

Sitophilus zeamais

Figure 6. Pictorial identification key for Sitophilus weevil group thorough matching pictures of specific characteristic corresponding to the query.

on the pronotum (CABI 2015). The other pest in this group is
S. linearis, which is capable of causing economic damage to the
seeds of tamarind (Cotton 1920). These two species were inter-
cepted at the Korean borders by the Animal and Plant Quarantine
Inspection Agency (QIA), Korea (data from the database of the Pest
Information System operated by the QIA).

A pictorial identification key (Figure 6) was generated to easily
identify major pests of the Sitophilus weevil group by matching
pictures of specific characteristics corresponding to the query. This

key is composed of four queries for two Korean species and two
exotic species and can be used by warehouse managers, entomo-
logical researchers, and quarantine inspectors.

Distinguished Sitophilus oryzae from S. zeamais using specific primers
We confirmed that PCR amplifications of the COI fragment were

highly species-specific. Indeed, identification by the morphological
characteristics corresponded with molecular identification for all
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Figure 7. Distinguishing various populations of Sitophilus oryzae (Cheongju, Boeun and Gunsan) and S. zeamais (Boeun and Gimje) by PCR using specific primers.
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30 samples of the three populations of S. oryzae and two pop-
ulations of S. zeamais collected from Cheongju and Boeun (popu-
lation mixed two species) at Chungcheongbuk-do and Gunsan and
Gimje at Jeollabuk-do. For S. zeamais and S. oryzae, amplification
yielded a single band with a size of about 950 bp (Figure 7). In
Brazil, this molecular strategy was employed with male genitalia
inspection to survey the distribution of both maize and rice weevils
(Corréa et al 2013).

Discussion

Sitophilus weevils, which are often detected found among grains
stored in grain elevators, induce a large amount of economic
damage. Currently, fumigants are known to be the most effective
method to manage these insects. In Korea, phosphine has
commonly been used to control insect pests of stored grains. To
date, resistance to phosphine fumigant has not been reported for
S. zeamais; however, it has been reported for S. oryzae (Nguyen et al
2015). In this study, we identified S. oryzae in Korea for the first
time, suggesting that development of resistance to phosphine by
S. oryzae collected in Korea should be checked in Korea.

Because S. oryzae populations that are resistant to phosphine
can be introduced when importing grain from foreign countries,
means for their control should be developed. In addition, it is
necessary to ensure close quarantine inspections for undistributed
Sitophilus weevils such as S. granarius and S. linearis.

Conflicts of interest
The authors declare that there is no conflicts of interest.
Acknowledgments

This research was carried out through “Inventory and moni-
toring of biological pathogens-carrying wildlife pests for safety
management of agricultural products” (Project Code PJ01085904)
supported by Rural Development Administration, South Korea.

References

Booth RG, Cox ML, Madge RB. 1990. lie guides to insects of importance to man. 3.
Coleoptera. International Institute of Entomology. p. 384.

CABI 2015. Datasheet of Sitophilus weevil group. [http://www.cabi.org/isc/
datasheet/10850; 10887; 10926; accessed on Jan., 2017].

Cho KJ, Ryoo MI, Kim SY. 1988. Life table statistics of the rice weevil (Coleoptera:
Curculionidae) in relation to the preference for rough, brown and polished rice.
Korean Journal of Entomology 18:1—6.

Cotton RT. 1920. Tamarind pod borer, Sitophilus linearis (Herbst) stored-product insect
investigations. United States Department of Agriculture, Bureau of Entomology.

Corréa AS, Orlando de Oliveira L, Braga LS, Guedes RN. 2013. Distribution of the related
weevil species Sitophilus oryzae and S. zeamais in Brazil. Insect Science 20:763—770.

Egorov AB, Zherikhin VV. 1996. Sem. Dryophthoridae (Rhychophoridae). In: Ler PA,
editor. Opredelitel’ nasekomyh Dal’'nego Vostoka Rossii v shesti tomakh. Tom III
Zhestkokrylye, ili zhuki. Chast’ 3. Vladivostok: Dal'nauka. pp. 241-248. p. 555. (in
Russian).

Gorham JR, editor. 1987. Insect and mite pests in food: an illustrated key, Vols. I and II.
US Department of Agriculture. Agriculture Handbook Number 655. p. 767.
Hong K], Park SW, Woo KS. 2001. Superfamily Curculionoidea (excepting Family

Curculionidae). Economic Insects of Korea 13. p. 181.

Hyun JS. 1960. Development of storage fungi in polished rice infested with the rice
weevil, Sitophilus oryzae L. Seoul National University Journal (B) 13:77—86.
Hyun JS. 1962. Some effects of rice weevil (Sitophilus oryzae L.) on the moisture

contents of polished rice. Plant Protection 1:20—25.

Hyun JS. 1964. Some effects of the rice weevil (Sitophilus oryzae L.) on the stored
grains. Plant Protection 3:27-30.

Hyun JS, Ryoo MI. 1974. A study on the effects of the storage molds on the biology
of the rice weevil, Sitophilus oryzae L. Korean Journal of Applied Entomology 13:
71-75.

Kim YB, Ryoo MI. 1982. Activities of molds and insects during rice storage: part IL
Activities of rice weevil (Sitophilus oryzae L.) and Aspergillus species. Journal of
the Korean Chemical Society 25:257—260.

Linnaeus C. 1763. Amoenitates academicae; seu dissertationes variae physicae, medi-
cae, botanicae, antehac seorsim editae, nunc collectae et auctae cum tabulis aeneis.
Holmiae: Salvius, [3] + 486 pp, pls I-V.

Longstaff BC. 1981. Biology of the grain pest species of the genus Sitophilus (Cole-
optera: Curculionidae): a critical review. Protection Ecology 3:83—130.

Morimoto K. 1961. Scientific name of Sitophilus oryzae. Plant Protection 15:365—366
(in Japanese).

Motschulsky de V. 1855. Notices. Etudes Entomologiques 4:77—78.

Nguyen TT, Collins PJ, Ebert PR. 2015. Inheritance and characterization of strong
resistance to phosphine in Sitophilus oryzae (L.). PLoS ONE 10:e0124335.

Ryoo MI, Cho HW. 1992. Feeding and oviposition preferences and demography of
rice weevil (Coleoptera: Curculionidae) reared on mixtures of brown, polished,
and rough rice. Environmental Entomology 21:549—555.

Ryoo MI, Cho KJ. 1988. A model for the temperature dependent developmental rate
of Sitophilus oryzae (L.) (Coleoptera: Curculionidae) on rice. Journal of Stored
Products Research 24:67—71.

Ryoo M, Cho K], Yoo CK. 1988. Life table statistics of the rice weevil, Sitophilus
oryzae (L.) (Coleoptera: Curculionidae) on the degree-day scale. Korean Journal
of Applied Entomology 27:14—20.

Takahashi S. 1928. Insects injurious to field crops. Tokyo: Meibundo. p. 164. (in
Japanese).

Takahashi S. 1931. Insect pests of grain and their control measures. Tokyo: Meibundo.
p. 201. (in Japanese).

Yoo CK, Ryoo MI. 1989. Host preference of Lariophagus distinguendus Foerster
(Hymenoptera: Pteromalidae) for the instars of rice weevil (Sitophilus oryzae
(L.)) (Coleoptera: Curculionidae) and sex ratio of the parasitoid in relation to the
host. Korean Journal of Applied Entomology 28:28—31.

Yoon TJ, Ryoo MI, Cho HW. 1997. A generalization of the matrix model of rice weevil
population (Coeloptera: Curculionidae) and its applicability. Korean Journal of
Applied Entomology 36:215—223.

Yoshida T, Watanabe N, Sonda M. 1989. Pictorial guide to insect pests of stored food
products. Tokyo, Japan: Zenkoku Noson Kyoiku Publishing Co., Ltd. p. 268. (in
Japanese).

Zimmerman EC. 1993. Australian weevils (Coleoptera: Curculionoidea) 3: Nano-
phyidae, Rhynchophoridae, Erihinidae, Curculionidae: Amycterinae. CSIRO. p. 854.


http://refhub.elsevier.com/S2287-884X(18)30019-0/sref1
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref1
http://www.cabi.org/isc/datasheet/10850
http://www.cabi.org/isc/datasheet/10850
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref3
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref3
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref3
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref3
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref4
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref4
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref5
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref5
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref5
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref6
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref6
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref6
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref6
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref6
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref7
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref7
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref8
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref8
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref9
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref9
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref9
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref10
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref10
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref10
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref11
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref11
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref11
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref12
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref12
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref12
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref12
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref13
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref13
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref13
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref13
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref14
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref14
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref14
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref14
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref15
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref15
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref15
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref16
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref16
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref16
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref17
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref17
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref18
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref18
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref19
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref19
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref19
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref19
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref20
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref20
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref20
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref20
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref21
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref21
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref21
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref21
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref22
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref22
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref23
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref23
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref24
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref24
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref24
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref24
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref24
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref25
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref25
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref25
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref25
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref26
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref26
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref26
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref27
http://refhub.elsevier.com/S2287-884X(18)30019-0/sref27

	First confirmation of the distribution of rice weevil, Sitophilus oryzae, in South Korea
	Introduction
	Materials and methods
	Collecting specimens of Sitophilus weevils
	Morphological characteristics for identifying Sitophilus weevils
	Molecular identification of Sitophilus oryzae and S. zeamais

	Results
	Distribution of rice weevil, Sitophilus oryzae, in South Korea
	Morphological characters for identifying members of the Sitophilus weevil group
	Distinguished Sitophilus oryzae from S. zeamais using specific primers

	Discussion
	Conflicts of interest
	Acknowledgments
	References


